Abstract -The trend of integrating renewable energy sources into power networks is becoming common in practice, making power systems to be more ubiquitous in nature. The connection of renewable sources in large numbers at distribution level could cause adverse power fluctuations. By employing battery energy storage systems, these fluctuations can be reduced. However economic constraints imposed by high battery cost may not justify liberal use of battery storage to control power fluctuations. The authors have previously shown the possibility of reducing battery energy storage systems' capacity without degrading the performance in terms of energy capturing efficiency and arresting power fluctuations of a ubiquitous power network through coordinated control of elements. Meantime there are attempts to make use the battery energy storage available in electric vehicles to provide a cushion against power and frequency fluctuations caused by renewable generation. In this paper authors presents a comparison between the effectiveness of conventional battery energy storage system and that of battery energy storage available in electric vehicles to improve the performance of ubiquitous power network under coordinated control. This study has shown that energy storage from electric vehicles can outperform conventional battery energy storage systems of similar capacity range under certain conditions.
Introduction
Moving towards carbon constrained societies is emerging as a common challenge for all nations in the world due to global warming alarms coming from environmental front. As a result, greater attention is being paid now to the decarbonization of electricity generation, a sector contributing significantly to greenhouse gas emission today. The introduction of renewable sources such as wind and solar, is a common strategy, either being planned or in the implementation stage, adopted by many utilities with state support world over. Harnessing energy economically from renewable sources is possible today due the advancements in technologies, expected to get further matured in the years to come. However, the randomness and intermittent nature of power generation by renewable sources are posing many challenges in dispatching power produced by them to customers' sites smoothly, as it is done today. As such it is important to develop ways and means to overcome this challenge if the renewable sources are to be used effectively to decarbonize power industry.
Many nations have already set very ambitious targets to introduce renewable generation connected to their power grids [1] , [2] . For instance Japan is targeting to have 53 GW of solar generation installed by 2030 [1] . As such, the renewable sources are expected to get installed over a wide geographical area due to the low energy density of renewable sources. In addition, Home and Building Energy Management Systems (HEMS and BEMS), coming up as appealing systems for customer, are promoting power generation from renewable sources at customers' sites to make future homes and buildings more energy efficient.
The decarbonization drives in transport sector, at the same time, have accelerated the introduction of Electric Vehicles (EV) in many forms, into the market. It is expected that the number of EVs would grow rapidly in the years to come. Trivially EVs will become a part of regular load at distribution level in the future.
With the changes described above, coming onto effect, the distribution systems of power systems are expected to be very different from what they are today in terms of their functionality and services provided. Ubiquity becomes an essential feature of future distribution networks as a result. Therefore finding new ways to operate such ubiquitous system efficiently would be a big challenge for power system operators.
There are many ways of taking up challenges mentioned above [3] , [4] . We believe that taking them up at the distribution level itself is better than letting them to get propagated upward due to various reasons. A coordinated control at distribution level has been identified as a way of overcoming these challenges. Accordingly, we studied the system performance under a coordinated control scheme and compared the effectiveness of: a) using conventional Battery Energy Storage Systems (BESS) and b) using Vehicle to Grid (V2G) operation by using battery storage available in EV's in addition to other controllable elements to arrest power fluctuations caused by renewable sources. The results of this study reveal that V2G operation can outperform BESS operation under conditions considered in this study. The contents of the rest of the paper are as described below.
In Section 2, coordinated control scheme which this study was based in is presented. The system models used in the study are described in Section 3. Simulation results are presented in Section 4. The last section is devoted for concluding remarks.
Coordinated Control Scheme
The coordinated control scheme, used here to balance active power, hence, to reduce power fluctuations is described below. It works in such a way that active power fluctuations introduced by renewable sources are matched in a compensatory manner by optimally adjusting, within permitted margins, the active power of controllable devices in the network in near-real time. The adjustment is optimal in a sense that power and energy margins of controllable elements available for future controls are maintained at best possible levels after each adjustment. Block diagram representation of this scheme is shown in Fig. 1 in which P ref_i (t), P i (t), ΔP min/max_i (t) and ΔP i (t) are desired operating point, current operating point, power adjustable margins and active power to be adjusted of the i th element. The power fluctuation input to the control system shown in the figure is derived from distribution transformer's or tie line's power fluctuation information. Other inputs are assumed to be made available by respective controllable elements via a data communication network. A detail description of this method can be found in [3] and [4] . 
System Model
The system used in the study was modeled after a section of a typical Japanese distribution system fed by a 66/6.6 kV distribution transformer. Usually a transformer of this type feeds 5-7 distribution feeders of length about 2-3 km each and covering about 6000 households. The future scenario considered here was developed using the following assumptions. Fig. 2 shows a typical network section that the study system covers.
Within the physical system that is covered in the model, the presence of the flowing controllable elements and uncontrollable conventional loads that has a daily variation pattern is assumed: a) Distributed generation resources, mainly consisting of gas engines and micro-gas turbines used as CHP sources. b) Renewable generation from wind and solar c) Battery energy storage system d) Storage in electric vehicles (V2G) e) Controllable load consisting of heat pumps f) Tie line, a transmission line which is connecting the system of interest to the main power grid
It is assumed that a local control center, located at distribution substation, is coordinating the operation of the study system.
Distributed Generation Resources (DGR)
DGRs are assumed to be fast acting so that their respond to input commands is quick enough to disregard effects of longer delays. Since this study concerns normal operation of the system, a simplified model of DGR is thus assumed to be accurate enough. Accordingly distribution generation resources were aggregated and represented by a simple model shown in Fig. 3 . 
Controllable Loads-Heat Pumps
There is a variety of loads that are controllable to achieve active power changes required for power balancing. In our study, only heat pumps based domestic water heating systems were considered. Since water heating schedule is usually constrained by social needs, liberal control of them is not possible. In our study, we assume that hot water usage pattern of a typical household require one third of daily usage by 6:00 am in the morning and the balance by 6:00 pm in the evening. This is a very simple approach to model the hot water usage pattern which is in fact could be very complex for any given household. In the present study we are not paying attention to the coordination among thousands of heat pumps required to achieve the overall control effect expected from heat pumps by local control system. The energy need pattern used in the study from heat pump for three days is shown in Table 1 . 
Renewable generation sources (solar and wind)
In this study, solar and wind are considered as main renewable sources. Between them, solar generation is assumed to be prominent, to stay in line with evolutions expected within future Japanese power system; with a peak output of more than four folds that of wind generation. Solar and wind patterns used in the study were derived from measured data available at Japan Meteorological Agency. The wind turbine-generators were represented by the model shown in Fig. 7 . Pitch angle control is assumed to be the mechanism available for output power control. A rate limiter is used to represent dynamic behavior pitch angle control system. In the present study, for the sake of simplicity, solar PV controller is assumed to be a MPPT based controller with insignificant time delay, a critical assumption that needs to be relaxed in future studies.
Battery Energy Storage System Model
Battery energy storage system is represented by a simple model that was derived using the assumption that both charging and discharging efficiencies are 90%. It is also assumed that the State of Charge (SOC) of battery can be estimated accurately. No time delays were incorporated since the power electronic that controls BSEE system is assumed to be fast enough to ignore any delays. The BSEE model used in study is shown in Fig. 8. 
Tie Line Control
Having a fixed setting under coordinated control for tie line power flow is leading to poor performance, due to the unpredictable nature of renewable power, as authors have noticed previously. Moreover, the use of tie line power for rapid controls could have adverse effects, since the objective of coordinated control is to reduce the power fluctuations caused by renewable sources in the tie line flow. Therefore, a separate control scheme which is relatively slower than the scheme used to control other elements is adopted for tie-line flow control. Ensuring long term power balance within the system under coordinated control is the main objective of introducing this control scheme. The scheme used to control tie line flow is shown in Fig. 9.   Fig. 9 . Tie line reference power control scheme.
Electric Vehicles (EV) and V2G Scheme
The electric vehicles are expected to become the common mode of road transport in the future. Future power network should have the capacity to accommodate electric vehicles without restrictions, an essential quality of ubiquitous power networks. It is assumed that EVs are available for V2G operations after charging them up to 90% of their maximum SoC. Further it is assumed that a ±10% band around the 90% SoC level of an EV is available for V2G operations under coordinated control scheme. The number of EVs available for V2G operation is time dependent. 3-day pattern used in our study is shown in Fig 10. SMA 300 
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Results
The results presented here are for a system described by the parameters given in Table 2 . Since the system parameters used in simulations were derived to match those of a practical system, BESS' and EV's storage specifications did not become identical. However this disparity of parameters is not seriously hindering the comparison of performance of two control schemes as it is indicated by information given in the plots shown in Figs. 11-13 .
Figs. 11(a) and (b) show the effectiveness of using conventional BESS and V2G for controlling power fluctuation respectively. The information given in them can be interpreted as the MW capacity required by a fast acting device to be used as a secondary control on tie-line to completely arrest fluctuations.
Figs. 12(a) and (b) show the minimum energy, MWhr, capacity required by the aforesaid fast acting device under BESS and V2G control respectively to arrest power fluctuations completely.
Figs. 13(a) and (b) are showing total renewable energy that goes wasted during the process of controlling power fluctuations using proposed scheme under BESS and V2G controls respective. (b) Fig. 13 . Lost renewable energy due to power balancing.
Concluding Remarks
The results of a study to understand the performance of future ubiquitous power network under coordinated control for power balancing using BESS and V2G as energy buffering mechanisms have been presented. The simulations were carried out using two different patterns of renewable generation to assess performance under different patterns of randomness.
Information provided in Fig. 11 indicates that coordinated control could display better performance in controlling power fluctuations produced by renewable sources. It also reveals that under the conditions considered in this study, V2G control has better performance over conventional BESS control in terms of the investment on MW/MWhr capacity.
Figs. 12 provides information that is useful to assess the performance of BESS control and V2G control with regard to the energy capacity requirement of a device to be deployed on tie line to completely arrest power fluctuations. In this respect too, V2G is performing better than conventional BESS under the study conditions.
Figs. 13 reveals that coordinated control could ensure harnessing energy from renewable sources efficiently while balancing power within the network. Here too, V2G is out performing BESS in the cases studied. 
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